Mitochondrial DNA from mouse and HeLa cells is nicked by alkali and chick-embryo ribonuclease H.
Mammalian and amphibian mitochondrial DNAs (mtDNAs) are readily obtainable at neutral pH as closed-circular duplex molecules with molecular weights of about 10 million. These DNAs are exceptional in that they suffer chain scissions at high pH (1, 2) , an observation which has been routinely exploited to prepare physically separated complements from closed mtDNA without prior nicking in buoyant alkaline CsCl (3) . This alkali lability has been attributed to damage incurred during DNA isolation (4) from an organelle that contains a variety of compounds that may react with DNA (5). The lability is also consistent with the presence of covalently incorporated ribonucleotides.
The quantitative conversion of closed mtDNA to nicked DNA by ribonuclease H, demonstrated here, indicates that at least a part of the alkaline lability in each molecule is due to the presence of ribonucleotides in the mature closed-circular duplex.
We have estimated the number of ribonucleotides per DNA duplex from kinetic measurements on the nicking rate of mtDNA and of RNA at pH 13.0. The mntDNA measurements indicate that two populations of molecules are present. By comparison with the rate constant for RNA hydrolysis, we can calculate that these two populations contain about 10 and 30 ribonucleotides per DNA duplex. This calculation assumes that all of the sensitive sites are ribonucleotides.
Two reports appeared (6, 7) while this manuscript was in preparation which presented evidence that ribonucleotides are contained within the covalently closed mitochondrial DNA circles from rat-ascites hepatoma cells and HeLa cells.
Mitochondrial DNA (12) (13) (14) , but these appear to be removed during the maturation of the DNA.
MATERIALS AND METHODS
Nucleic-Acid Preparations. DNA from Pseudomonas phage PM2 was labeled and isolated as described (22) . MtDNA was prepared from HeLa cells and the two mouse-cell lines previously described (15 after 2 hr at 370 by adding EDTA to 10 mM and sodium pyrophosphate to 2 mM, and the product was purified by filtration through a 0.9 X 34-cm column of porous glass beads (Sigma, G-240-50). The incorporation of UTP was equivalent to 50% net RNA synthesis. RNase H was assayed in 100 Mul containing 50 mM Tris' HCl (pH 7.9), 5 CsCl-EthBr Centrifugation. Gradients (about 2.5 ml) containing EthBr (300.ug/ml) and bovine-serum albumin (100-200 Mg) at an initial density of 1.57 g/ml were centrifuged in the Spinco SW50.1 rotor at 36,000 rpm, 200 for at least 24 hr. Tubes were punctured; fractions were collected onto glass fiber papers (Whatman GF/A, 2.4 cm), dried, and counted in a toluene-based scintillator.
RNA Hydrolysis. RNA was incubated in 4.5 M CsCl plus 0.5 mM EDTA at 20°. pH was determined with a standard glass electrode and sleeve-type junction electrode (20) (21, 22) . Examples of such gradients are shown in Fig.   1 .
The first nick in mouse (LA 9) mtDNA appears to follow biphasic first-order kinetics (Fig. 2) . The biphasic kinetics clearly suggest that there are at least two kinds of molecules in isolated mtDNA. The fast rate, approximately three times the slow rate, is exhibited by about 35-45% of the total DNA. The half-time for the slower rate is 47 min. A similar experiment, using HeLa cell mtDNA, and analyzed by CsClpropidium diiodide buoyant centrifugation, provided a halftime of 46 min. Mitochondrial DNA from a mouse cell line (LD) in which the mtDNA is in the form of dimers was also examined. The half-time for nicking this dimer DNA was 24 min.
Kinetics of RNA Hydrolysis at pH 13 .0. The release of 32Pi at pH 13 .0 from cytoplasmic RNA follows first-order kinetics, with a half-time of 7.9 hr (Fig. 3) . It (Fig. 4) . The closed-circular forms of LA9 and PM2 DNA do not co-band in these gradients because they differ in superhelix density. Treatment with RNase H was observed to nick mtDNA increasingly, and finally quantitatively, while PM2 DNA remained completely resistant. These results are summarized in Fig. 5 , in which it is shown that PM2 DNA is resistant to RNase H at a concentration at least five times greater than that required to nick LA9 mtDNA essentially completely. Similar results were obtained with HeLa mtDNA (Fig. 6) and LD dimer mtDNA. A middle band is visible when HeLa mtDNA is partially nicked (Fig. 6b) , a consequence of the high initial catenane level in this DNA.
The chick-embryo RNase H is reported to be inhibited by salt concentrations in excess of 150 mM (11) . Incubation of LA9 DNA in the standard reaction mixture modified to contain 200 mM KCl resulted in a 30% inhibition of conversion to DNA-II.
Since RNase H will not attack double-stranded RNA or DNA, the reaction product is expected to be a nicked circle, unless ribonucleotides occur within about 10 bases on complementary strands. The RNase H product of an extended digestion was analyzed on neutral sucrose gradients (Fig. 7) . The rate of nicking of mtDNA may have been slightly underestimated with our method of analysis because of the presence of catenanes in the sample. Catenanes would appear to be nicked at a slower rate than the monomers because three-fourths of the product of the first nick would be regarded as unreacted material in CsCl-EthBr gradients.
As indicated earlier, rat-ascites hepatoma cell mtDNA is sensitive to RNase A and Tl (6) and HeLa mtDNA is sensitive to RNase A, Ti, and E. coli RNase H (7). In the first case, approximately 50% of the DNA was RNase sensitive, whereas, in the latter case, the sensitivities were reported to I 0. 
